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Nebular abundances of southern symbiotic stars⋆
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Abstract. We have calculated relative elemental abundances for a sample of 43 symbiotic stars. Helium abundances and the
relative elemental abundances N/O, Ne/O, Ar/O were derived from new spectra collected in the optical range through low
dispersion spectroscopy. The He ionic abundances were derived taking into account self-absorption effects in Balmer lines. We
found that the symbiotic stars in the galactic bulge have heavy element abundances showing the same wide distribution as other
bulge objects. In the galactic disk, the symbiotic stars follow the abundance gradient as derived from different kinds of objects.
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1. Introduction
Symbiotic stars are binary systems with large periods and
strong interaction. There is an agreement in the fact that they
consist of (at least) three components: a giant star, a hot source
like a white dwarf, a main sequence star or even a neutron star
(GX1+4), and a nebula ejected by the red giant, as was shown
by Nussbaumer et al. (1988). The nebula can be ionized by the
UV radiation from the hot source and in some eruptive sym-
biotic stars also by the region where the winds from the hot
and cold sources collide (Willson et al. 1984). As the emission
lines are very strong, the symbiotic stars are easily observable
at large distances and are useful tools to test some aspects of the
chemical composition of the low and intermediate mass popu-
lation of the disk and galactic bulge as well as the evolution of
double stars.
Some studies on nebular abundances in symbiotic
stars have been performed in the optical region (see
Costa & de Freitas Pacheco 1994, Pereira et al. 2002,
Gutierrez Moreno & Moreno 1999) but with a small number
of objects. Medina Tanco & Steiner (1995) have made spectral
classification of a sample of symbiotic stars toward the galactic
bulge, but they did not derive chemical abundances. In the UV
region, CNO abundances were derived for expressive samples
of symbiotics using IUE data (e.g. Nussbaumer et al. 1988,
Schmid & Nussbaumer 1993).
The analysis of chemical abundances is required to investi-
gate the surface enrichment of the red giant photosphere, whose
stellar wind reflects the modifications introduced by dredge up
processes along the stellar evolution. In this case, the investiga-
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tion can be performed through techniques developed to study
emission nebulae, which allow the determination of chemical
abundances of elements such as helium, nitrogen, oxygen, neon
and argon. Helium abundances must be derived with some cau-
tion, because the metastability of the 23S level causes radiative
transfer effects and induces collisional excitation which can af-
fect the final result. A second problem arises from the use of
the Balmer decrement for reddening correction. The observed
values suggest self-absorption effects in some systems which
must be taken into account.
In this work we report the derivation of relative elemen-
tal abundances for 43 southern symbiotic stars. In sections 2
to 4 we discuss the observation and reduction techniques, in
sections 5 to 7 the methods of analysis are described, and in
section 8 the results are discussed.
2. The sample
Our sample was selected from the Belckzyn`ski et al.(2000) cat-
alog of symbiotic stars, and one object (SS73 71) was added
from Pereira et al.(2002). As a selection criteria we chose all
the symbiotic stars toward the galactic bulge, which we have
roughly defined as the region between 20◦≤ l ≤ 20◦and 20◦≤
b ≤ 20◦. With these criteria our sample has 90 objects. We can-
not ensure that all of them belong to the galactic bulge, because
the lack of good distances for the sample, but clearly all of them
belong to the intermediate age population of the disk/bulge re-
gions. Additionally, we have observed some other objects from
the Belckzyn`ski et al.(2000) catalog, that are out of our bulge
definition.
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3. Observations
Spectroscopic observations were performed in two runs at the
National Laboratory for Astrophysics (Braso´polis, MG, Brazil)
from 07-16/Jun/2002, and from 23-26/Jun/2003, using a Boller
& Chivens Cassegrain spectrograph attached to the 1.60m tele-
scope with a dispersion of 4.4 Å/pixel. Some observations were
made at ESO using the 1.52m telescope in La Silla, Chile (from
08-13/Oct/2002) with a Boller & Chivens Cassegrain spectro-
graph with a dispersion of 2.2 Å/pixel. Spectra cover the range
3800-7400 Å. The log of the observations can be seen in the
Table 1. Each object was observed at least twice in the cor-
responding observational run, one of them with a short expo-
sure time to get the fluxes of Hα, Hβ, Hγ and Hδ to derive
the reddening correction, and the other with a longer exposure
time, saturating the Balmer lines and getting the weaker line
fluxes. All the observations were performed in weather con-
ditions compatible with flux calibration, and with an average
seeing of 2 arcsecs for LNA and 1 arcsec for ESO. Flux calibra-
tion for each object was secured through observations of stan-
dard stars on each night. Reduction was performed using the
IRAF1 package and followed the standard procedures, consist-
ing in bias image subtraction, flat-fielding, wavelength and flux
calibration. Figure 2 displays sample spectra for two objects,
including the main diagnostic lines. Emission line fluxes were
calculated by adopting gaussian profiles; a gaussian deblend-
ing routine was also used when necessary. Table 2, available
electronically at the CDS, contains extinction-corrected fluxes
in the Hβ = 100 scale for the objects of our sample. See section
7.1 for a discussion on the accuracy of the results.
4. Reddening correction
In the low density limit, Balmer ratios can be used to derive
interstellar extinction by comparing line ratios predicted by the
recombination theory with the observed values, as described
by Osterbrock (1989). It was already noticed that in symbiotic
stars the Balmer ratios are far from the expected values result-
ing from interstellar extinction only Costa & de Freitas Pacheco
(1994). These deviations from Case-B can be attributed to self-
absorption effects, as described by Netzer (1975) for AGNs.
Considering that symbiotic nebulae are very dense, optical
depth effects should be present, therefore we adopted the
Netzer (1975) and Almog & Netzer (1989) results for deriva-
tion of the reddening correction and HeI abundances.
Reddening correction was derived according to the proce-
dure described by Gutie´rrez-Moreno & Moreno (1996). This
method determines simultaneously reddening and optical depth
in Hα using the Balmer decrement values computed by Netzer
(1975) for different electron densities and different optical
depths at Lyα (τα), under conditions of self-absorption. When
using this procedure, we have adopted the interestellar absorp-
tion curve from Cardelli et al. (1989), and used Netzer’s (1975)
Balmer decrement values for log Ne = 8.
1 IRAF is distributed by the National Optical Astronomy
Observatories, operated by AURA, Inc., under cooperative agreement
with the NSF.
Another direct graphical approach to the prob-
lem has been proposed (see for example Pereira 1995,
Costa & de Freitas Pacheco 1994) , resulting in similar values
for the reddening correction. Figure 1 shows this method,
displaying Hα/Hβ vs. Hβ/Hγ and Hα/Hβ vs.Hβ/Hδ for the
objects of our sample. The curves are parametrized in optical
depth in Hα (τHα), for τα=106 which correspond to optically
thicker nebulae. The straight line indicates the reddening
vector in both panels. Basically, the method consists in the
determination of the Hα/Hβ value that corresponds to the
intersection of the object’s reddening vector (paralel to the
reddening vector in fig. 1) and the (τα) curve. However, the
graphical nature of this method can potentially lead to errors
due to the limited sampling of the Balmer decrement computed
by Netzer (1975), as can be seen in the figure.
In view of these limitations we adopted the analytical pro-
cedure described by Gutierrez-Moreno & Moreno (1996). A
few objects in our sample have reddening values from the
2200Å feature listed in Table 3, derived from IUE. We did not
use these values in order to retain the same criteira for the red-
dening determination to the whole sample.
Nevertheless it should be noted that derivation of reddening
correction for symbiotic stars can be performed using different
techniques using their spectra, depending on the available spec-
tral range and resolution, as pointed out by Mikolajewska et al.
(1997), and the resulting values are usually quite different and
dependent of the adopted method. The E(B-V) calculated for
our sample and extracted from the literature are listed in Table
3.
Fig. 2 displays spectra of two objects of our sample. The
most important diagnostic lines are identified.
5. Physical conditions
The usual forbidden line ratios used to derive physical param-
eters of emission nebulae do not allow a unique electron tem-
perature determination since the symbiotic nebula should have
an important density stratification. However the derivation of
the ionic concentrations in the ionized gas requires a previous
knowledge of the electron temperature and density. From opti-
cal spectra these parameters can usually be estimated from line
intensity ratios like, among others:
R([OIII]) = λ5007 + λ4959
λ4363 (1)
R([NII]) = λ6584 + λ6548
λ5755 (2)
R([S II]) = λ6717
λ6730 (3)
In view of the high density of symbiotic nebulae is difficult
to use the R(SII) to estimate the electron density, as this relation
produce unique results for Ne ≤ 105 (Osterbrock 1989). We es-
timated a lower limit for the density from the R([OIII]) and
R([NII]) ratios assuming Te ≈ 12000 K, which is an acceptable
value for symbiotics (Nussbaumer et al. 1988), and adopted
two different density zones, namely Ne[OIII] and Ne[NII]; for
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Table 1. Log of the Observations
Source Date Observatory Source Date Observatory
1 K6-6 06/25/2003 LNA 32 Hen 2-379 06/24/2003 LNA
2 SS73 117 06/26/2003 LNA 33 V2905 Sgr 06/26/2003 LNA
3 SS73 141 06/26/2003 LNA 34 V4018 Sgr 06/07/2002 LNA
4 Th 3-29 06/23/2003 LNA 35 SS73 122 06/16/2002 LNA
5 H 1-25 06/13/2002 LNA 36 Ap 1-8 06/13/2002 LNA
6 Th 3-17 06/23/2003 LNA 37 V2506 Sgr 06/25/2003 LNA
7 Hen 3-1410 06/24/2003 LNA 38 Pt 1 06/15/2002 LNA
8 AS 210 08/10/2002 ESO 39 H 2-38 06/07/2002 LNA
06/12/2002 LNA 40 V2756 Sgr 06/26/2003 LNA
9 H 2-5 06/12/2002 LNA 41 SS73 129 06/16/2002 LNA
10 H 1-36 06/13/2002 LNA 42 HD 319167 10/09/2002 ESO
11 UKS Ce 1 06/12/2002 LNA 43 V4074 Sgr 06/07/2002 LNA
12 HK Sco 06/14/2002 LNA 44 V3804 Sgr 06/14/2002 LNA
13 CL Sco 06/07/2002 LNA 45 Hen 3-1342 06/14/2002 LNA
14 WSTB 19W032 06/16/2002 LNA 46 AS 255 06/13/2002 LNA
15 Y CrA 06/13/2002 LNA 47 AS 269 10/08/2002 ESO
16 Hen 2-171 06/07/2002 LNA 48 SS 73 96 06/16/2002 LNA
17 AE Ara 06/12/2002 LNA 49 H 2-34 06/16/2002 LNA
18 V343 Ser 06/07/2002 LNA 50 SS73 71 10/10/2002 ESO
19 FN Sgr 06/07/2002 LNA 51 CD 43 -14304 06/23-24/2003 LNA
06/23/2003 LNA 52 Hen 3-1761 06/23/2003 LNA
20 MWC 960 06/14/2002 LNA 53 R Arq 06/23/2003 LNA
21 RT Ser 06/07/2002 LNA 54 RR Tel 06/23/2003 LNA
22 MaC 1-9 06/16/2002 LNA 55 V919 Sgr 06/23/2003 LNA
23 UU Ser 06/25/2003 LNA 56 Hen 3-863 06/24/2003 LNA
24 V2601 Sgr 06/14/2002 LNA 57 LT Del 06/24/2003 LNA
25 V3811 Sgr 06/26/2003 LNA 58 WRAY 16 377 06/24/2003 LNA
26 ALS 2 06/24/2003 LNA 59 Bl 3-6 06/25/2003 LNA
27 V4141 Sgr 06/16/2002 LNA 60 SS73 29 06/25/2003 LNA
28 V2416 Sgr 06/07/2002 LNA 61 AG Peg 06/26/2003 LNA
29 M 1-21 06/26/2003 LNA 62 AS 327 06/26/2003 LNA
30 Hen 3-1591 06/14/2002 LNA 63 FG Ser 06/26/2003 LNA
10/13/2002 ESO 64 PU Vul 06/26/2003 LNA
31 V2116 Oph 06/12/2002 LNA
Table 2. Reddening corrected line fluxes (Hβ=100)
Source H3835 [NeIII]λ3869 [NeIII]λ3968 Hδ Hγ [OIII]λ4363 HeIIλ4686 [ArIII]λ4711+ Hβ ..
[NeIV]λ4714
CL Sco 8.465 34.57 29.19 29.06 49.00 40.06 14.56 2.585 100.0 ..
FN Sgr 5.092 7.057 17.56 27.74 46.08 9.466 94.53 9.759 100.0 ..
H2-38 ... 78.17 35.10 26.83 47.25 113.2 78.45 3.484 100.0 ..
Hen 2-171 2.571 49.84 31.09 22.67 45.00 44.57 85.27 6.072 100.0 ..
RT Ser ... ... 12.67 20.89 44.25 7.750 118.8 1.416 100.0 ..
V2416 Sgr ... 1.423 0.005 18.19 38.11 4.308 80.06 ... 100.0 ..
V343 Ser ... ... 0.023 20.72 39.03 2.838 49.37 5.384 100.0 ..
V4018 Sgr 14.55 3.301 19.37 25.45 44.77 6.526 49.24 3.362 100.0 ..
AE Ara 9.030 15.79 24.07 32.43 43.61 15.36 14.83 2.243 100.0 ..
H2-5 ... ... ... 20.45 41.17 24.08 101.7 ... 100.0 ..
AS 210 5.381 12.51 18.61 24.35 44.53 16.78 67.09 1.126 100.0 ..
Ap 1-8 ... ... 7.155 18.99 41.77 1.692 77.99 ... 100.0 ..
.. .. .. .. .. .. .. .. .. .. ..
those objects where both ratios were available. Otherwise a sin-
gle zone was assumed. Fig. 3 displays an example of the behav-
ior of R([OIII]) and R([NII]) for Hen 2-171.
R([NII]) and R([OIII]) characterize two distinct regions
where the relations above are sensitive to density, resulting
in lower limits for this parameter. This picture is clearly
an oversimplification of the true situation, however, high
resolution IUE spectra of V 1016 Cyg, suggests an in-
terpretation not inconsistent with such an approximation
(Deuel & Nussbaumer 1984). Narrow and broad components
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Fig. 1. Hα/Hβ vs. Hβ/Hγ and Hα/Hβ vs.Hβ/Hδ for the objects of our sample. The figure has the same format as used by Netzer
(1975), the curves are parametrized in τHα values. We have used only τα=106 which correspond to optically thicker nebulae. For
values of τα and τHα see Netzer’s (1975) Table 1.
suggesting at least two regions with distinct densities are also
seen in Coude´ spectra of HM Sge (Stauffer 1984). We consider
that in the R([NII]) region the main ionic species are N+, O+,
S+, while in the R([OIII]) region species of higher excitation
like O+2, S+2, Ne+2, Ar+2, Ar+3 are dominant. Only in AS 210,
RR Tel, PN H 1-36, PN H 2-38 and Hen 2-171 both density
regions were used. For these objects R([NII]) lead to density
values (in cm−3) of respectively : 2.6*105, 3.38*105, 1.03*105,
3.38*105, 1.*105 . The derived values for Ne are listed in Table
3.
6. Helium abundance
Helium abundance is a key parameter to characterize chemical
evolution either of stars and galaxies. As discussed by Clegg
(1987), line formation in HeI is complex in view of the metasta-
bility of the lowest triplet level, which can cause some lines to
become optically thick. In particular, the collisional enhance-
ment of HeI lines from the metastable 23S level is an impor-
tant issue that cannot be ruled out, as indicated by Kingdon
& Ferland (1995). This is a specially controversial subject in
symbiotic stars in view of their high nebular densities.
Usually helium abundance is expressed relative to hydro-
gen. As discussed in section 4, in high density nebulae self-
absorption effects are present in the Balmer series. In order to
minimize these effects on the helium abundance, Schmid &
Schild (1990) used the ratio between HeII and higher excita-
tion Balmer lines when deriving the final helium abundance.
Here we adopted a similar procedure, taking Hγ as our ref-
erence line. It was chosen as a compromise solution between
lower lines, more affected by self absorption effects, and higher,
weaker, lines. The optical depth in this line can be scaled to the
value of τHα. Using the optical depth in Hα, τHα, which is de-
rived from our reddening calculation, the optical depth in Hγ,
τHγ is 0.07*τHα. In the cases that τHγ ≤ 0.5 we would expect
that self-absorption effects are negligible and no large errors
are being committed.
The HeI abundances were computed considering the pos-
sibility of large collisional excitation and self absorption ef-
fects, following the procedure described in details by Costa &
de Freitas Pacheco (1994). In the present work we derived the
abundance from lines λ5876 and λ7065, weighted by their in-
tensities. Line λ6678 was not used to compute HeI abundance
because we have detected that in many objects it is placed over
the wings of Hα, resulting in overestimated fluxes. Line λ7065
was also used to estimate the optical depth in λ3889 (τ(λ3889))
since this optical depth is required to derive emissivities calcu-
lated by Almog & Netzer (1989) for HeI lines. The concentra-
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Fig. 2. Diagnostic lines in the spectra of Hen 2-171 (lower) and CL Sco (upper).
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Fig. 3. Behavior of R([OIII]) and R([NII]) relations for Hen 2-171. The solid lines represent an uncertainty of 2σ with respect to
the calculated value
tion of He+ can consequently be obtained from the relation (de
Freitas Pacheco & Costa, 1992):
n(He+)
n(H) =
5.9
Eλ(τ)
Iλ
Iγ
(4)
where Iλ/Iγ is the line intensity ratio between the consid-
ered HeI line and Hγ and Eλ(τ) is the emissivity calculated
by Almog & Netzer (1989) ( see their table 2) as a function of
τ(λ3889). As pointed by de Freitas Pacheco & Costa (1992),
the intensity of the HeIλ7065 line in RR Tel is too high and
produce unrealistic values for τ(λ3889) and therefore higher
HeI abundance. Table 4 shows the resulting He+ abundances
together with the He+2 derived using the λ4686 line.
7. Abundances of heavy elements
In order to minimize the effects of self-absorption in Balmer
lines on the derived abundances, we calculated elemental ra-
tios with respect to oxygen, since they can be derived directly
from forbidden transitions. In the R(NII) region we derive the
nitrogen to oxygen ratio from the relation
N
O
≈
N+
O+
(5)
In the R([OIII]) region, the relative abundances of neon and
argon with respect to oxygen can be obtained from Schmid &
Schild (1990):
Ne
O
≈
Ne+2
O+2
(6)
Ar
O
≈
Ar+2 + Ar+3
O+2
(7)
To derive the ionic concentrations we have adopted a five
level atom model, including collisional excitation and desexci-
tation and radiative transitions in the statistical balance equa-
tions. The model is described by Shaw & Dufour (1994), and
the relevant atomic data used can be retrieved directly from
IRAF nebular package
Relative elemental abundances of heavier elements can be
derived from emission lines which originate from a common
region. In dense nebulae, the ionization structure of helium is
particularly well defined by the Stro¨mgren radii of He+2 and
H+. It is therefore appropriate to compare ions which coincide
with either the He+2 or He+ regions. With our spectral reso-
lution, we can identify in some objects two different density
regions, one for the N+ and the other for O+2, therefore as was
pointed earlier we calculate relative elemental abundances for
ions formed in the same density region.
The N+ abundance was derived from λ6548+84 and/or
λ5755, and O+ was derived from λ7320+30 lines. For the O+2
abundance we have used a mean value between [OIII]λ4363,
[OIII]λ4959 and [OIII]λ5007, weighted by their intensities,
and for Ne+2 we have used the [NeIII]λ3869 line when avail-
able, or [NeIII]λ3968. In almost all the sample, the depen-
dence of the Ne/O relation to Nc (critical density) for the used
lines is not very large, because the densities are similar or
greater than Nc (Schmid & Schild 1990). The [ArIII]λ7136 and
[ArIV]λ4740 lines were used together with [OIII] abundance
for the Ar/O determination; the [ArIII]λ4711 line cannot be
used because with our spectral resolution was blended with
[NeIV]λ4714. The ionic abundances where calculated with the
task nebular/abund of IRAF and are listed in Table 5. They
were calculated adopting Te=12000 K and taking Ne from ta-
ble 3. The derived relative elemental abundances are listed in
Table 6.
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Table 3. Ne (cm−3), E(B-V) and τHα derived for our sample
Source E(B-V) τHα Ne[OIII] Other E(B-V) Source E(B-V) τHα Ne[OIII] Other E(B-V)
1 K6-6 2.23 15.4 5.29*106 35 SS73 122 0.84 9.9 4.38*106 0.92 a, 1.3 f
3 SS73 141k 0.55 1.3 1.0*108 36 Ap 1-8 1.04 3.6 4.12*106 0.6 f
4 Th 3-29 1.77b 20.5 1.19*107 2.7 f 37 V2506 Sgrk 0.64 3.9 1.0*108 0.5 f
5 H 1-25 2.54b 3.6 1.44*107 38 Pt 1 0.95 8.9 4.17*107
7 Hen 3-1410 1.44b 9.7 8.73*106 39 H 2-38 0.66 15 6.4*106 0.51d , 1.2 f
8 AS 210 0.49 4.3 3.87*106 ≤ 0.5c, 0.30 d 40 V2756 Sgr 0.32 8.75 1.05*107 0.0 f
9 H 2-5 1.28 12.5 2.69*107 1.8 f 41 SS73 129k 0.78 3.4 1.0*108 1.6 f
10 H 1-36 0.51 1.4 4.92*105 0.71d 42 HD 319167 0.66 3.3 3.67*107 1.0 f
12 HK Sco 0.59 6.1 4.16*107 44 V3804 Sgr 0.25 7.9 5.64*106
13 CL Sco 0.22 6.4 3.67*107 0.2e 45 Hen 3-1342 0.63 4.1 2.66*106
15 Y CrA 0.33 17.1 1.96*107 0.23l 46 AS 255k 0.68 8.0 1.0*108
16 Hen 2-171 0.59 2.9 2.66*106 0.58 47 AS 269 2.08b 2.7 1.0*108 2.4f
17 AE Ara 0.14 5.6 1.53*107 0.5 f 48 SS 73 96 1.48 10.1 1.0*108
18 V343 Ser 1.18 8.5 1.19*107 49 H 2-34 1.29 11.7 1.05*107
19 FN Sgrg 0.22 2.9 1.0*108 0.6 j 50 SS73 71 0.34 14.6 8.2*106 0.42h
20 MWC 960 0.84 4.9 1.63*107 0.7 j 51 CD 43 -14304 j 0.76 3.0 1.0*108 ≤ 0.2c
21 RT Serg 1.08 10.8 1.0*108 52 Hen 3-1761 0.15 12.6 1.4*107
22 MaC 1-9k 1.14 4.72 1.0*108 1.2 f 53 R Arq 0i 0 2.6*105 0.08l
23 UU Ser 0.63 4.55 1.96*107 1.2 f 54 RR Tel 0.05 4.3 4.67*106 0.09l
24 V2601 Sgr 0.39 4.3 2.86*107 55 V919 Sgrg 0.38 10.3 1*108
26 ALS 2g 0.94 2.1 1.0*108 1.0 f 56 Hen 3-863 0.19 7.4 1.0*108
27 V4141 Sgr 1.12 9.6 6.79*106 1.2 f 57 LT Delg 0.41 ... 1.0*108
28 V2416 Sgr 1.69 14.0 6.06*107 2.5 f 58 WRAY 16 377 0.83 1.15 2.09*107
29 M 1-21 0.88 5.5 1.0*108 1.0 f 60 SS73 29 0.50 ... 1.53*107 1.0j
30 Hen 3-1591 0.06 19.0 1.1*107 61 AG Pegk 0.36 6.5 1.0*108 0.12l
32 Hen 2-379 0.17 16.2 1.0*108 62 AS 327k 0.86 5.4 1.0*108 1.1 f
33 V2905 Sgr 0.43 3.8 3.24*107 63 FG Ser 0.78 14.7 4.72*107 0.82m
34 V4018 Sgr 0.44 3.9 4.16*107 0.4n 64 PU Vul 0.29 6.8 1.53*107
a Pereira (1995)
b using Hα & Hγ
c Schmid & Nussbaumer (1993)
d Pereira et al. (1998)
e Michalitsianos et al. (1982)
f Mikolajewska et al. (1997)
g Ne assumed minimum value
h Pereira et al. 2002
i Simon (2003)
j Munari & Buson (1994)
k without diagnostic lines, Ne=108
l Nussbaumer et al. (1988)
m Gutie´rrez-Moreno et al. (1992)
n Munari & Buson (1993)
7.1. Precision of the abundance determination
Abundance determination involves many sources of errors like
accuracy of the fluxes, limited precision in data reduction, un-
certainties in reddening and the derived physical parameters,
as well as in the adopted methodology to derive abundances.
We tested the sensitivity of the abundances to the line fluxes
for each object by calculating mean and standard deviation for
all the flux measurements of each spectral line for each object.
The results can be seen in fig. 4, where ∆F represents the stan-
dard deviation for each line. The points that form a straight line
correspond to those lines for which we have only one mea-
surement; for them we adopt an error of 30% for the lines
weaker than (1/3)Hβ and 10% for the stronger lines (respect
to Hβ=100). The flux dispersions result in abundance disper-
sions that have a mean value of 0.2 dex for stronger lines like
[OIII], and 0.4 dex for weaker lines like [ArIV],[NeIII], etc.
These uncertainties are typical in this type of calculations (e.g.
Escudero & Costa 2001).
We also tested the dependence of the derived abundances
on E(B-V), the most uncertain parameter along the whole pro-
cess. As described in section 4, we calculate E(B-V) using the
method described by Gutierrez Moreno & Moreno 1996. Just
to check the dependence of the derived relative abundances to
the reddening, we consirered an uncertainty of 50% in E(B-
V) and rederived the electron densities and abundances, which
resulted in upper and lower limits of precision for our results.
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Table 4. He abundances
Source He I He II He Source He I He II He
1 K6-6 0.232 0.033 0.265 35 SS73 122 0.177 0.048 0.225
5 H 1-25 ... ... ... 36 Ap 1-8 0.113 0.068 0.181
7 Hen 3-1410 0.191 0.047 0.238 37 V2506 Sgr ... ... ...
8 AS 210 0.029 0.058 0.087 38 Pt 1 ... ... ...
10 H 1-36 0.057 0.054 0.111 39 H 2-38 0.129 0.068 0.197
12 HK Sco 0.083 0.088 0.171 40 V2756 Sgr 0.177 0.071 0.248
13 CL Sco 0.110 0.013 0.123 42 HD 319167 0.093 0.009 0.102
15 Y CrA 0.115 0.017 0.132 44 V3804 Sgr 0.207 0.014 0.221
16 Hen 2-171 0.063 0.074 0.137 45 Hen 3-1342 0.167 0.053 0.220
17 AE Ara 0.141 0.013 0.54 46 AS 255 0.179 0.092 0.271
18 V343 Ser ... ... ... 50 SS 73 71 0.182 0.038 0.220
19 FN Sgr 0.099 0.082 0.181 51 CD 43 -14304 0.134 0.059 0.193
20 MWC 960 0.127 0.061 0.188 52 Hen 3-1761 0.217 0.048 0.265
21 RT Ser ... ... ... 53 RR Tel ... ... ...
23 UU Ser 0.102 0.048 0.15 55 V919 Sgr 0.126 0.041 0.167
24 V2601 Sgr 0.122 0.025 0.147 56 Hen 3-863 0.098 0.052 0.150
26 ALS 2 0.096 0.050 0.146 57 LT Del 0.113 0.020 0.133
27 V4141 Sgr 0.179 0.006 0.185 58 WRAY 16 377 ... ... ...
28 V2416 Sgr 0.084 0.070 0.154 61 AG Peg 0.128 0.087 0.215
29 M 1-21 0.093 0.040 0.133 62 AS 327 0.163 0.083 0.246
33 V2905 Sgr 0.168 0.006 0.174 64 PU Vul 0.083 0.063 0.146
34 V4018 Sgr 0.121 0.043 0.164
Fig. 4. Flux mean values vs. standard deviation (∆F) from all
the lines for each object of the sample
These limits are displayed in figure 5 as a mean error bar for the
results. It can be seen that even such a large error in reddening
does not affect our main conclusions.
8. Results and discussion
Our sample contains 54 objects for which ionic abundances
have been derived. For many of them, these are the first abun-
dances published. These abundances are similar to those ob-
tained for nebulae that present similar spectroscopic behavior
as planetary nebulae.
To perform the chemical diagnostics we have chosen emis-
sion lines from elements with similar ionization potentials, in
order to minimize the effects of density gradients. We have
obtained abundances ratios from collisionally excited lines,
namely N/O, Ne/O and Ar/O.
We present the ionic concentrations for O, N, Ar, S, He and
Ne. The relative elemental abundances show the composition
of the interstellar medium in the time of progenitor formation,
and the N and He abundances reflect the evolutionary state of
the stars, showing that this class of objects have experienced
dredge up episodes, may be up to the second one. Also the He
and N abundances are comparable with progenitors between
0.6 to 1.5 M⊙.
Fig. 5 shows the relation between N/O and He/H; as nitro-
gen and helium are nucleosynthesis products and related to the
mass spectrum of the progenitors, they are expected to be cor-
related; and this diagram is important to the diagnostic of abun-
dances. The figure combines data from symbiotics with other
from planetary nebulae ( Escudero & Costa 2001, Escudero et
al. 2004, Exter et al. 2004). It can be seen that the objects in this
figure are distributed in two groups: a larger, upper group for
which the planetary nebulae sample define a reasonably well
defined correlation between log(He/H) and log(N/O), in the
sense that helium-rich objects are usually nitrogen-rich. The
symbiotics fit into this distribution, in spite of their dispersion.
This correlation reflects the mass spectrum of the progenitors.
It can also be seen a small group of PNe with low log(N/O)
and log(He/H) varying from -1.1 to -0.7. The same pattern ap-
pears in the results of Cuisinier et al.(1996) for galactic PNe
and can be related to objects at high Z above the galactic plane.
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Table 7. Mean Ne/O ratios for different samples
Sample Ne/O Source
Bulge PNe 0.168 ± 0.070 Escudero et al. (2004)
Disk PNe 0.181 ± 0.129 Maciel & Ko¨ppen (1994)
Disk and Bulge PNe 0.223 ± 0.085 Exter et al. (2004)
This sample 0.154 ± 0.034
However, the uncertainties in distances, both for symbiotics
and PNe, make this point still an open question.
The same figure also includes a model from Marigo
(2001), with mixing-length parameter=1.68 and initial metal-
licity Z=0.019 and Y=0.273, computed to 0.1026 ≥ He ≥
0.1387 and -0.9 ≥ log(N/O) ≥ -0.001. Clearly, the dispersion
of the data is high, but the model trend agrees with the mean
values and tendencies for most of the PNe sample. For some
symbiotic stars, however, this agreement cannot be seen, may
be due to the uncertanties in the method used to derive He abun-
dances and/or to the Marigo’s model, that was produced for
isolated stars, and some discrepacies are expected with respect
to binary objects like symbiotics.
Nebular abundances of symbiotics should reflect the abun-
dances of the intermediate mass stars from which they origi-
nate, irrespective of their position in the galaxy. To verify this
behavior we compare the mean values of the Ne/O ratio for
our sample of symbiotics to other samples of disk and bulge
PNe. Being α-elements, the Ne/O ratio do not reflect the chem-
ical evolution of the interstellar medium and should remain the
same along the galactic bulge and disk. The mean values and
dispersions are listed in table 7.
The mean values show that symbiotic stars have a similar
Ne/O ratio to the bulge PNe from Escudero et al. (2004) or
disk PNe form Maciel & Ko¨ppen (1994). On the other hand,
the mean Ne/O for the Exter et al. (2004) sample, which com-
bines bulge and disk objects, is higher than the value from our
sample. Within the dispersion, this is another indication that
our sample contains both bulge and disk objects.
As an additional test, we included in our analysis some
symbiotics that are outside of our definition of bulge. The mean
and standard deviation of Ne/O including these objects is 0.147
± 0.027. Since we have only a few objects outside the bulge,
the derived mean values are essentially the same.
As a following project we intend to observe the full sam-
ple of southern symbiotic stars to increase the statistics about
physical parameters and abundances for this class of objects in
different locations in the Galaxy.
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Table 5. Ionic abundances for symbiotic stars in our sample
Source NII OI OII OIII NeIII NeIV SIII ArV ArIII ArIV NI
AE Ara 3.933*10−6 2.157*10−5 3.330*10−5 1.470*10−4 2.276*10−5 2.665*10−5 1.611*10−6 3.417*10−6 ... ... ...
Ap 1-8 3.417*10−6 ... ... 1.302*10−5 ... ... ... 1.787*10−7 1.357*10−8 2.018*10−5 ...
AG Peg 1.024*10−4 ... 2.353*10−4 4.000*10−4 1.897*10−5 ... ... ... ... ... 0.05983
ALS 2 2.478*10−4 ... 2.622*10−4 7.506*10−5 7.235*10−5 ... ... ... ... 0.001206 ...
AS 210 1.605*10−6 2.669*10−6 1.754*10−6 1.295*10−4 9.575*10−6 5.862*10−5 1.274*10−6 2.078*10−7 1.861*10−7 2.346*10−7 ...
AS 255 ... 2.971*10−4 1.263*10−4 5.101*10−5 ... ... ... ... 6.565*10−6 9.061*10−5 ...
AS 327 4.596*10−5 ... 1.081*10−4 1.626*10−4 ... ... ... ... ... 8.546*10−4 ...
CD 43 -14304 4.313*10−6 ... 4.059*10−5 2.382*10−4 2.104*10−5 ... ... ... 2.930*10−7 3.232*10−4 0.02439
CL Sco 1.384*10−5 1.336*10−5 ... 5.814*10−4 9.356*10−5 8.066*10−5 1.594*10−6 1.273*10−6 1.829*10−7 1.450*10−5 0.007804
FG Ser 1.087*10−4 ... 3.754*10−4 2.514*10−4 1.955*10−5 ... ... ... ... 5.659*10−4 ...
FN Sgr 6.043*10−5 ... 6.566*10−5 2.622*10−4 4.551*10−5 ... 5.739*10−6 7.061*10−6 ... 8.320*10−4 0.01075
H 1-25 2.256*10−4 4.145*10−5 1.699*10−6 2.061*10−4 ... ... ... ... 8.756*10−8 2.783*10−7 ...
H 1-36 2.495*10−5 3.449*10−5 3.447*10−5 5.114*10−4 6.280*10−5 2.776*10−4 7.722*10−6 8.726*10−7 1.535*10−6 4.216*10−6 ...
H 2-34 3.240*10−6 2.503*10−5 5.670*10−6 1.754*10−4 ... ... 4.097*10−6 8.995*10−7 1.259*10−7 5.957*10−6 0.003656
H 2-38 7.662*10−6 1.794*10−5 1.185*10−5 9.006*10−4 7.150*10−5 1.842*10−4 3.686*10−6 1.257*10−6 4.284*10−7 2.727*10−6 ...
H 2-5 ... 9.349*10−5 ... 2.950*10−4 ... ... 3.662*10−6 2.713*10−6 ... ... ...
HD 319167 1.899*10−6 1.640*10−5 4.561*10−6 1.838*10−4 2.872*10−5 5.349*10−5 1.994*10−7 4.307*10−7 5.559*10−8 2.977*10−6 ...
Hen 2-171 1.985*10−5 9.651*10−6 8.123*10−6 3.409*10−4 3.459*10−5 1.796*10−4 5.365*10−6 1.155*10−6 1.062*10−6 2.068*10−6 ...
Hen 2-379 0.07021 ... ... 0.001018 ... 0.001649 ... ... ... ... ...
Hen 3-1342 ... 1.485*10−5 6.465*10−6 1.094*10−5 ... ... 3.548*10−6 4.772*10−7 2.308*10−7 5.684*10−7 ...
Hen 3-1410 4.200*10−6 ... 8.082*10−6 1.097*10−4 ... ... ... 4.579*10−7 ... ... ...
Hen 3-1591 3.998*10−4 1.527*10−4 1.201*10−4 0.001048 9.513*10−5 ... 3.787*10−6 8.230*10−7 3.029*10−6 3.165*10−5 ...
Hen 3-1761 1.113*10−4 ... 2.676*10−4 3.304*10−4 4.483*10−5 1.684*10−4 ... ... ... 1.967*10−4 ...
Hen 3-863 ... ... 2.380*10−4 3.820*10−4 9.932*10−6 ... ... ... ... 5.861*10−5 0.1261
HK Sco 3.364*10−5 ... 3.423*10−5 7.033*10−5 4.788*10−6 ... ... 3.502*10−6 ... 6.584*10−5 ...
K6-6 3.446*10−6 2.182*10−5 4.302*10−6 1.110*10−4 ... 7.921*10−5 1.061*10−6 3.094*10−7 3.232*10−8 4.675*10−5 ...
LT Del 4.330*10−5 ... ... 2.524*10−5 ... ... ... ... ... 6.490*10−4 ...
M1 -21 ... 6.010*10−5 1.750*10−5 ... ... 1.694*10−4 2.847*10−6 1.900*10−6 ... 2.342*10−4 ...
MaC 1-9 3.084*10−5 ... 3.464*10−5 1.852*10−4 ... ... ... ... ... ... ...
MWC 960 4.429*10−6 3.222*10−5 8.880*10−6 2.070*10−5 ... ... 2.093*10−6 6.349*10−7 ... 8.069*10−6 ...
PN Pt 1 2.048*10−5 3.606*10−4 5.539*10−5 8.610*10−5 ... ... ... 4.005*10−6 ... ... ...
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Table 5 continued
Source NII OI OII OIII NeIII NeIV SIII ArV ArIII ArIV NI
PU Vul 2.173*10−5 4.032*10−5 1.124*10−5 3.004*10−4 8.958*10−5 1.508*10−4 2.329*10−6 8.126*10−7 3.322*10−7 3.522*10−6 8.831*10−4
RR Tel 4.075*10−6 6.376*10−6 1.343*10−5 2.577*10−4 3.697*10−5 3.280*10−4 1.723*10−6 6.723*10−7 4.959*10−7 2.975*10−6 ...
RT Ser 2.248*10−5 3.522*10−4 ... 1.001*10−4 ... 1.508*10−4 6.194*10−6 ... ... ... 8.145*10−4
SS73 122 9.189*10−6 2.258*10−5 1.121*10−5 1.805*10−4 1.309*10−5 5.898*10−6 3.025*10−6 6.724*10−7 4.608*10−7 2.546*10−6 ...
SS73 129 ... ... 1.595*10−4 2.415*10−4 ... ... ... ... ... ... ...
SS73 141 ... 1.324*10−4 ... ... ... ... ... 3.145*10−6 ... ... ...
SS73 29 8.416*10−7 ... ... 3.885*10−5 ... ... ... ... 1.465*10−7 ... ...
SS73 71 5.180*10−6 1.486*10−5 ... 1.007*10−4 1.916*10−5 4.335*10−5 1.525*10−6 7.450*10−7 1.098*10−8 1.060*10−5 ...
SS73 96 1.013*10−5 1.129*10−5 2.122*10−5 1.506*10−4 5.674*10−6 1.923*10−4 3.247*10−6 1.551*10−6 1.802*10−8 8.404*10−6 ...
Th 3-29 ... 4.277*10−5 1.271*10−5 1.504*10−4 ... ... ... ... 1.908*10−7 1.859*10−6 ...
UU Ser 5.009*10−6 ... ... 3.773*10−5 ... ... ... ... ... ... 0.002409
V2416 Sgr 7.463*10−6 1.576*10−4 9.246*10−7 8.516*10−5 5.861*10−6 ... 5.966*10−6 3.397*10−6 8.160*10−9 1.168*10−7 6.465*10−5
V2506 Sgr ... ... ... ... ... ... ... ... ... ... ...
V2601 Sgr 1.678*10−5 1.770*10−5 1.230*10−5 5.759*10−5 1.169*10−5 2.135*10−5 4.774*10−6 4.048*10−6 ... ... ...
V2756 Sgr 2.773*10−6 6.385*10−6 2.903*10−5 1.609*10−4 ... 7.063*10−5 ... 7.047*10−7 5.654*10−7 ... 0.002434
V2905 Sgr ... ... 7.786*10−5 3.812*10−4 3.743*10−5 ... ... ... ... 1.902*10−4 ...
V343 Ser 1.368*10−6 ... 9.453*10−7 2.570*10−5 ... ... 4.584*10−8 1.283*10−6 ... 2.078*10−8 6.240*10−6
V3804 Sgr 4.426*10−6 2.158*10−5 1.026*10−5 1.198*10−4 2.214*10−5 ... 2.639*10−6 1.426*10−6 4.156*10−7 1.139*10−6 ...
V4018 Sgr 1.399*10−5 ... 9.158*10−6 1.022*10−4 9.888*10−6 1.013*10−4 ... 1.998*10−6 ... ... 0.002753
V4141 4.566*10−6 1.154*10−5 3.239*10−6 2.173*10−4 1.744*10−5 2.562*10−5 1.422*10−6 4.299*10−7 3.017*10−7 1.828*10−6 0.001029
V919 Sgr 9.766*10−5 ... 4.403*10−4 3.969*10−4 8.841*10−5 5.536*10−4 ... ... ... 6.609*10−4 0.03935
WRAY 16 377 5.147*10−6 ... 3.001*10−5 1.593*10−4 1.230*10−5 ... ... ... 7.878*10−8 1.332*10−4 ...
Y Cra ... 9.477*10−5 ... 2.525*10−4 3.029*10−5 2.976*10−4 5.461*10−6 ... 9.731*10−8 1.408*10−4 ...
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Table 6. Relative elemental abundances
Source N/O Ne/O Ar/O Source N/O Ne/O Ar/O
1 K6-6 0.801 ... 0.421 34 V4018 Sgr 1.527 0.097 ...
4 Th 3-29 ... ... 0.014 35 SS73 122 0.820 0.072 0.017
5 H 1-25 ... ... 0.002 38 Pt 1 0.369 ... ...
7 Hen 3-1410 0.519 ... ... 39 H 2-38 0.646 0.079 0.003
8 AS 210 0.915 0.074 0.003 40 V2756 Sgr 0.095 ... ...
10 H 1-36 0.724 0.123 0.011 42 HD 319167 0.416 0.156 0.016
12 HK Sco 0.982 0.068 ... 44 V3804 Sgr 0.431 0.185 0.013
13 CL Sco ... 0.161 0.025 45 Hen 3-1342 ... ... 0.073
15 Y CrA ... 0.119 0.558 48 SS73 96 0.477 0.037 0.056
16 Hen 2-171 2.443 0.101 0.009 49 H 2-34 0.571 ... 0.035
17 AE Ara 0.118 0.155 ... 50 SS 73 71 ... 0.190 0.105
18 V343 Ser 1.447 ... ... 51 CD 43 -14304 0.106 0.088 ...
19 FN Sgr 0.920 0.173 ... 52 Hen 3-1761 0.416 0.136 ...
20 MWC 960 0.499 ... ... 53 RR Tel 0.303 0.143 0.013
22 MaC 1-9 0.890 ... ... 55 V919 Sgr 0.222 0.222 ...
24 V2601 Sgr 1.364 0.203 ... 56 Hen 3-863 ... 0.026 ...
26 ALS 2 0.945 0.963 ... 58 WRAY 16 377 0.171 0.077 0.836
27 V4141 Sgr 1.409 0.080 0.010 61 AG Peg 0.435 0.047 ...
28 V2416 Sgr ... 0.069 0.001 62 AS 327 0.425 ... ...
30 Hen 3-1591 3.329 0.090 0.033 63 FG Ser 0.289 0.077 ...
33 V2905 Sgr ... 0.098 ... 64 PU Vul 1.931 0.298 0.013
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